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FOREWORD 

The  investigation  reported  herein  was  sponsored  by  the  Office,  Chief 
of  Engineers,  and  was  conducted  under  Project  17,  Operations  and  Mainte¬ 
nance,  Array,  "Development  of  Design  Criteria  for  Construction  of  Expedient 
Ramps  to  Carry  Over-the-Beach  Traffic."  The  tests  were  conducted  to  study 
the  feasibility  of  using  existing  expedient  surfacing  materials  in  con¬ 
struction  of  raraps  to  carry  over -the -beach  (0TB)  traffic  off-loading  mate¬ 
riel  from  miscellaneous  beach  landing  craft. 

The  engineer  tests  vere  conducted  at  the  U.  S.  Army  Engineer  Water¬ 
ways  Experiment  Station  (WS3)  during  the  period  from  April  through  July 
1567.  The  U.  S.  Naval  Seabec  Battalion  Training  Center,  Gulfport,  Missis¬ 
sippi,  and  elements  of  the  U.  S.  Amy  Engineer  Command,  Vietnam,  APO 
San  Francisco  $6507,  provided  information  to  supplement  the  test  data 
obtained. 

Engineers  of  the  WES  Soils  Division  who  were  actively  engaged  in 
planning,  testing,  and  report  phases  of  this  study  were  Messrs.  R.  G. 
Ahlvin  and  C.  D.  Burns  and  CPT  V.  C.  Barber.  The  work  was  performed  under 
the  general  supervision  of  Messrs.  W.  J.  Turnbull  and  A.  A.  Maxwell,  Chief 
and  Assistant  Chief,  respectively,  of  the  Soils  Division.  This  report  was 
prepared  by  CPT  Barber. 

COL  John  R.  Oswalt,  Jr.,  CE,  was  Director  of  WES  during  the  conduct 
of  this  investigation  and  the  publication  of  this  report.  Mr.  J.  B. 
Tiffany  was  Technical  Director. 

Acknowledgment  is  made  to  personnel  of  the  WES  Hydraulics  Division 
for  their  assistance  and  cooperation  in  this  investigation. 
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CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUREMENT 


British  units  of  measurement  used  in  this  report  can  be  converted  to  metric 
units  as  follows: 


_ Multiply _  By 

inches  ?. 54 

feet  0.3048 

tons  907.185 

pounds  per  square  inch  0.070307 

pounds  per  cubic  foot  I6.OI85 


To  Obtain 


centimeters 

meters 

kilograms 

kilograms  per  square  centimeter 
kilograms  per  cubic  meter 


SUMMARY 


Engineer  tests  vjre  conducted  on  a  full-scale  model  beach  in  a  wave 
tank  of  the  WES  Hydraulics  Division.  The  beach  was  constructed  of  sand  ap¬ 
proximating  that  found  on  beaches  in  the  SE  Asian  theater  of  operations 
(TO).  Beach  slopes  ranged  from  10  to  20  percent.  Waves  induced  upon  the 
beach  simulated  those  found  in  TO  cove  and  bay  areas. 

The  tests  were  conducted  by  installing  various  types  of  expedient 
surfacing  materials  such  as  M6  pierced  steel  plank  landing  mat  and  XM19 
aluminum  landing  mat  vith  and  without  anchors  and  with  and  without  Tlo 
membrane  over  a  prepared  sand  beach  and  subjecting  these  installations  to 
wave  action  and  vehicular  traffic. 

The  separate  ramps  were  tested  by  first  observing  detrimental  ef¬ 
fects  caused  by  wave  action  alone  and  then  by  a  combination  of  wave  action 
and  traffic  leading.  These  same  factors  were  observed  in  determining 
detrimental  effects  of  traffic  and  waves  on  a  bare  beach.  Standard  mili¬ 
tary  vehicles  used  in  the  trafficking  cycles  were  the  Ml 51  lA-ton  cargo 
truck  and  the  M35  2-l/2-ton  6x6  cargo  truck. 

None  of  the  materials  or  combinations  thereof  satisfactorily  stabi¬ 
lized  the  beach  foreshore  or  provided  an  073  ra:^p  appreciably  better  than 
the  natural,  bare  sand.  Benefits  gained  by  installation  of  any  of  these 
0TB  rasps  are  short  term  due  to  the  rapid  deterioration  of  the  ramp 
foundation. 


TESTS  OF  EXPEDIENT  RAMPS  TO  CARRY  rVER-THE-BEftCH  WMC 

PART  I;  INTRODUCTION 

Background 

1.  Present  concepts  in  the  theaxer  of  operations  (TO)  include  de¬ 
livery  of  Array  materiel  over  natural  beaches  where  permanent  harbor  facil¬ 
ities  have  not  been  constructed.  Current  tactics  and  logistical  commit¬ 
ments  require  that  these  unloading  operations  be  executed  as  hastily  and 

v;  itn  as  few  complications  as  possible.  Difficulties  have  been  encountered 
in  the-  raps  \  loading  af  waterborne  cargo  by  use  of  wheeled  cargo  vehicles 
presently  she  Array  Table  of  Organization  and  Equipment.  In  previous  un¬ 
loading  operations,  pierced  steel  landing  mat  (l-*8)  has  been  used  for  the 
construction  of  expedient  over -the -beach  (0T3)  ramps  that  extended  to  a 
poi' t  near  the  water's  edge  at  low  tide.  This  mat  has  provided  a  satisfac¬ 
tory  ramp  over  the  dry  sand  or  backshore  area  of  the  beaches .  However, 
problems  have  developed  in  the  foreshore  arias  due  to  loss  of  sand  from 
under  the  mat  caused  by  wave  and  traffic  action,  resulting  in  the  immobi¬ 
lization  of  wheeled  cargo  vehicles  during  the  unloading  operations. 

Further  knowledge  was  therefore  required  as  to  methods  and  materials  that 
would  be  more  suitable  in  the  construction  of  expedient  OTB  ramps. 

Previous  Investigations 

2.  Field  tests  were  conducted  in  Fay -June  1959  at  La  Turoalle  Beach 
and  Suscinio  Beach,  on  the  Brittany  coast  of  France,  on  three  metal  landing 
mats  and  three  prefabricated  membranes  to  determine  their  suitability  and 
effectiveness  as  portable  surfacing  expedients  for  increasing  the  traffica- 
bility  potential  of  unprepared  beaches  for  emergency  offshore  discharge 
operations.*  Landing  mats  tested  were  PSP,  M8,  and  Til.  Membranes  tested 
were  T1  vinyl-coated  cotton  duck  membrane,  and  T12  and  Tib  neoprene- coated 

*  S.  G.  Tucker  and  J.  L.  Garrett,  "Beach  Stabilization  Tests  of  Landing 
Mats  and  Prefabricated  Membranes,"  Technical  Report  No.  3-592,  Feb  19o2, 
U.  S.  Array  Engineer  Waterways  Experiment  Station,  C3,  Vicksburg,  Miss. 
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nylon  membrane  a.  Teat  reculta  Indicated  that,  although  M8  mat  was  the-  r, 
desirable  of  the  matorialc  tcated,  none  of  the  ramps  were  capable  of  nt»i 
lining  the  beach  near  the  water's  edge  and  thus  providing  a  satisfactor.v 
ramp.  It  was  recommended  that  a  study  be  conducted  to  develop  a  more  c a 
factory  lightweight  surfacing  expedient  for  beach  stabilization  that  wcu 
include  investigation  of  the  effects  of  wave  action,  beach  slope,  tide,  ; 
variations  in  composition  of  beach  materials. 


Purpose  and  Scope  of  Tests 


3.  The  purpose  of  these  tests  was  to  (a)  develop  construction  pro:- 
dureb  and  techniques  for  using  currently  available  expedient  surfacing 
materials  that  will  ensure  satisfactory  0TB  ramps,  and  (b)  consider  the 
feasibility  of  other  concepts  of  materials  for  construction  of  0T3  ramps. 
It  was  specifically  desired  to  determine  the  effects  of  the  following 
variables  on  ramp  performance: 

a.  Slope  of  the  beach. 

b.  Expedient  surfacing  material. 

c.  Location  of  ramp  with  respect  to  the  water's  edge. 


h. 


d.  Method  of  anchoring  the  ramp. 

o.  Use  of  membrane  underlay  for  the  ramp. 

f.  Traffic  loading. 

g.  Duration  of  wave  and  traffic  action. 

The  scope  of  the  test  included  constructing  beaches  and  testing 


full-scale  0TB  ramp  models  in  the  L-chupod  wave  tank  of  the  Hydraulics 
Division,  Waterways  Experiment  Station  (WES).  Various  CTB  ramps  were  pis: 
on  the  beach  and  subjected  to  vehicle  loading  and  wave  action.  Three  bc.s' 
wave  types  were  used,  which  varied  in  height  from  0.5  to  0.9  ft.*  As 

ore  made  pertir.cr. 
type  of  testing.. 

:•  h.  t.egrnpho* 

result  of 


testing  proceeded,  data  wore  collected  and  observations 
to  the  variables  listed  above.  Due  to  the  nature  of  thi 
the  effects  of  these  variables  were  documented  largely 
addition,  other  statements  as  to  effects  of  variables  nr 
engineer  observation  made  with  the  aid  of  cross  sections,  .  vr il.-ht-line 


*  A  table  of  factors  for  converting  British  units 
units  is  presented  on  page  vii. 
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deviation  measurements ,  and  opinions  of  engineers  of  the  WES  Hydraulics 
Division.  j 


Definitions  of  Pertinent  Terms 


5*  For  clarity,  the  meanings  of  certain  terms  used  in  this  report 
are  defined  below. 

a.  Beach.*  The  zone  of  unconsolidated  material  that  extends 

*™  landward  from  the  low-water  line  to  the  place  where  there  is 

marked  change  in  material  or  physiographic  form  (usually  the 
effective  limit  of  storm  waves).  A  beach  includes  foreshore 
and  backshore. 

b.  Foreshore.*  That  part  of  the  beach  that  is  ordinarily 
traversed  by  the  uprush  and  backrush  of  the  waves  as  the 
tides  rise  and  fall. 

c.  Backshore.*  That  part  of  the  beach  between  the  foreshore 

~  and  the  dune  area  or  coastline  and  acted  upon  by  waves  only 
during  severe  storms. 

d.  Dune  area.  An  area  of  wind-deposited  sand  extending  along 
the  top  of  the  backshore  or  coastline.  Coastal  dunes  may  be 
active  or  partially  stabilized  by  vegetation. 

e.  Pass.  One  trip  of  a  test  vehicle  over  the  tracking  area  of 

the  OTB  ramp.  •  . 

f.  Run.  A  strip  equal  to  one  width  of  the  landing  mat  or 
"  membrane . 

g.  Erosion.  The  washing  away  or  removal  of  soil  particles  by 
water  moving  under  and  around  portions  of  the  landing  mat 
or  membrane  placed  in  contact  with  the  soil. 

h.  Scour .  A  place  that  has  been  eroded  by  the  act  of  a  water 

current .  , 

i.  Expedient  ramp .  A  ramp  constructed  from  expedient  surfacing 

—  materials  or  other  materials  and  by  expedient  methods  for 

the  purpose  of  gaining  a  definite  and  immediate  advantage, 
and  constructed  without  regard  or  knowledge  of  its  long- 
range  capability  or  performance. 

1*  Tc.-st  series.  '  A  grouping  of  tests  according  to  the  beach 
*"  slope. 

k.  Tost  run  number.  The  number  assigned  to  a  particular  test 
*"*  element,  i.e.  scries  1,  test  run  1. 

*  Extracted  from  Appendix  A  of  Boach  Erosion  Board  Technical  Report  No. 
dated  June  195***  * 


PART  II:  TEST  FACILITY  ADD  EQUIIMBS'f 
Test  Facility 

6.  The  tests  were  conducted  in  an  L-shaped  wave  tank.  The  tan/., 
shown  in  plate  1,  is  50  ft  wide  and  is  equipped  with  a  wave  inducer  cap. 
of  creating  1.5-ft-high  waves.  The  wave  tank  was  modified  by  erecting 
taining  walls,  approach  decks,  and  approach  ramps  necessary  to  contain  a 
test  the  sand  beach. 

7*  A  locally  available  material,  called  Campbell  Swamp  sand,  was 
selected  for  the  test  beach  because  it  closely  resembled  sands  on  beach-; 
located  in  the  TO.  Comparison  of  the  classification  data  and  gradation 
curves  for  the  two  sands  is  shown  in  plate  2  Efforts  were  made  to  durl 
cate  natural  beach  conditions  and  the  sand  was  placed  in  the  tank  on  ap¬ 
proximately  the  desired  slope  and  tamped  lightly  (photograph  1).  The  ta 
was  filled  with  water  to  a  depth  of  3  ft  and  the  water  was  allowed  to  si 
for  a  saturation  period.  A  vie;.*  of  the  beach  and  the  filled  wave  tank  i 
shown  in  photograph  2.  Preliminary  waves  were  induced  to  consolidate  zr. 
$and  to  a  natural  state.  This  was  verified  by  density  determinations  pr. 
to  testing.  Dry  densities  ranged  from  97 to  102.5  pcf  in  areas  where  * 
moisture  content  was  22  percent. 

Wave  Characteristics 


8.  Wave  period  and  height  were  planned  to  resemble  the  waves  on  1 
beaches  and  tc  determine  their  respective  effects  cn  various  ramps.  ?c: 
elevation  of  the  water  in  the  tank  was  3  ft.  Wave  types  and  character^ 


tics  were  as  follows; 


Period 

second 


Height 

ft. 


Breaking  Heignt 


Note:  The  wave  inuucer  could  not  generate  higher  waves  of  the 
proper  period. 


\  \  ■ 

9*  The  landing  mats  and  mombi’anc  tested  werej  selected  to  represent 
items  currently  avuilable  in  the  Army  supply  system .  Auger-  and  deadman- 
typ°  anchprs  as  required  for  testing  were  cither  improvised  or  drawn  from 
existing  local  stock.  The  two  mate  were  selected  as  representative  of  two 
available  types:  the  Mo  to  represent  pierced  mats,  and  the  XM19  for  heavy- 
duty,  solid  mats.  M 6,  shown  in  photograph  3*  has  boon  used  extensively  in 
the  pact  as  an  expedient  surfacing  for  light-duty  airfields.  XM19  mat  \ 
(photograph  4)  is  in  extensive  use  in  the  TO.  Tl6  membrane,  a  flexible 

t  -I 

neoprene -coated  ‘fabric,  was  used  in  conjunction  with  the  landing  mat  as  an 
underlay  in  an  attempt  to  control  erosion. 

i  \  i 

\  1 

Test  Vehicles 


10.  The  Ml 51  l/4-ton  truck  and  the  M35  2-l/2,-ton,  6x6  cargo  truck 
were  used  to  traffic  the  ramps  in  order  to  represent  the  more  typical  mili¬ 
tary  cargo  vehicles.  Normal  wheel  configurations  were  used  except  the  out¬ 
side  wheels  were  removed  from  the  rear  tandems  of  the  M35  in  order  to  im¬ 
pose  thc'most  severe  loa<^  condition.  Tire  pressures  were  those  specified 
for  highway  operation,  25  psi  £or  the  M161  and  40  psi  for  the  M35. 
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\  PART  III:  TEST  RESULTS 

(  ' 

11.  Phase  I  included  tests  on  beaches  with  slopes  of  10  and  20  per¬ 
cent.  Test  runs  were  conducted  on  bare  beach  and  ramps  of  K6  and  >111 9 
with  various''  wave  types  and  duration  and  vehicle  loading.  Phase  II  was 
conducted  to  evaluate  baffling  systems  for  the  ramps..  Data  from  these 
tests  are  shown  in  table  1.  The  tests  were-  interrelated  and  the  results 


are  sometimes  discussed  concurrently. 


Riase  I  Tests 


•  3  I 


Slope  of  the  beach  » • 

•  1  . 

12.  In  studying  the  effects  o!f  this  variable  on  0T3  ramps,  it  was 
found  that  the  greater  the  slope,  the  greater  was  the  damage  sustained  by 
the  ramp.  The  steeper  beach  slop<?  caused  each  wave  to  expend  more  energy 

as  it  broke  upon  the  beach  And  albo  allowed  a  more  violent  backrush  of 

; 

water  from  each  wave  runup.  A  more  thorough  study  of  slope  effects  was 
precluded  due  to  the  tendency  of  the  wave  action  to  rapidly  change  the  cor. 
^  structed  slope  to  the  natural  10  percent  slppc  of  the  beach'  in  the  wave 
1  tank.  When  20  percent  slopes  were  constructed  and  waves  applied,',  the  beac 
immediately  eroded  to  a  10  percent  slope.  Photographs  5  and  6  show  a  com¬ 
parison  of  damages  sustained  by  the  ramp  on  10  and  20  percent  slopes,  re¬ 
spectively.  ■.  As  a  result  of  this  study,  it  was  concluded  that  landing-mat 
ramps  cannot  adequately  control  beach  erosion  on  slopes  of  10  percent  or 
greater.  * 

Expedient  surfacing  material  ' 

13*  V.6  and  XK19  landing  mat  were  the  two  expedient  surfacing  mate¬ 
rials  tested.  In  addition,  tests  were  compacted  to  determine  unloading 
ability  over  a  bare  beach.  The  Mo  mat  was  damaged  after  1^00  vehicle 
passes  and  some  beach  erosion  occurred  under  and  around  the  mat.  The  >2-11  i 
mat  was  not  damaged  by  3500  passes  of  the  2-l/2-ton  cargo  truck,  but  the 
ramp  structure  was  damaged  by  scour  under  the  ramp  and  -subsequent  deposi¬ 
tion  of  sand  on  top  of  the  r;«r.p.  Gee  photographs  7  and  8  for  these  condi¬ 
tions.  The  bare  beach  proved  to  be  capable  of  withstanding  traffic  leadir 
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and  wave  action  without  any  surfacing  materials.  Ac  ruto  wore  formed,  they 
were  rapidly  filled  again  by  wave  action.  Traffic  wac  halted  after  588 
passes  because  it  was  apparent  that  the  sand  beach  would  sustain  indefinite 
trafficking  without  appreciable  damage  (photograph  9)*  Testing  indicated 
that  neither  pierced  nor  solid  mat  was  capable  of  improving  traffic ability 
over  a  beach  foreshore  for  any  appreciable  length  of  time  when  subjected  to 
wave  action.  However,  those  tests  showed  that  in  offloading  extremely 
heavy  or  delicate  equipment,  XM19  or  similar  heavy-duty  mat  could  be  used 
on  a  short-time  basis  to  maintain  a  smooth,  firm  traffic  area. 

Location  of  ramp  with 
respect  to  water's  edge 

14.  Dependent  upon  the  depth  of  water  in  the  vicinity  of  the  beach, 
the  OTB  ramp  may  be  required  to  extend  to  a  point  several  feet  beyond  the 
water's  edge.  This  could  occur  when  a  waterborne  cargo  carrier  could  not 
approach  to  a  point  near  enough  to  the  water's  edge  to  allow  lowering  the 
exit  ramp  onto  the  beach  and  the  underwater  area  near  the  water's  edge  was 
steep  enough  to  require  a  ramp.  Experiences  in  the  TO  indicate  that  when 
such  a  ramp  is  extended  any  appreciable  distance  beyond  the  water's  edge, 
serious  damage  may  be  caused  to  the  ramp  by  the  landing  of  a  waterborne  ve¬ 
hicle,  such  as  an  LST.  Tests  indicated  that  when  underwater  slopes  are  10 
percent  or  less,  a  ramp  is  not  needed  because  the  submerged  sand  is  suf¬ 
ficiently  trafficable  in  moot  cases.  Tests  indicated  that  essentially  the 
same  erosion  pattern  occurred  when  the  rump  was  ended  1  ft  short  of  the 
water's  edge  or  3  ft  beyond  the  water's  edge,  ns  indicated  in  photographs 
10  and  11.  These  photographs  were  each  taken  after  two  hours  of  wave  ac¬ 
tion.  The  erosion  patterns  are  si-  '.lar,  even  though  the  ramp  in  photograph 
10  ended  1  ft  short  of  the  water's  edge  and  the  end  of  the  romp  in  photo¬ 
graph  11  was  3  ft  beyond  the  water's  edge.  These  two  ramps  wore  later  sub¬ 
jected  to  traffic  loading  and  the  submerged  Gand  proved  capable  of  bearing 
traffic.  Photograph  12  shows  an  XM19  ramp  extended  35  ft  beyond  the  water's 
edge.  The  photograph  was  taken  after  the  tank  was  drained.  This  extended 
rump  enhanced  traffic ability  of  the  submerged  area;  however,  erosion  oc¬ 
curred  under  the  ramp  in  a  fashion  similar  to  that  Ghown  in  photographs  10 
fwd  11.  The  extended  end  of  the  ramp  was  buried  by  eroded  sand  with 
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subsequent  reduction  in  the  efficiency  of  the  ramp.  In  summary,  it  >3- 

’’2, 

termined  from  this  test  that  extension  of  a  ramp  beyond  the  water's  «*«•..  /* 
unwarranted  in  most  cases.  | 

Method  of  anchor inn  the  ramp  « 

15.  When  short,  single-  or  dual -lane  0TB  ramps  are  installed  wi*„\  J 
anchors,  excessive  ramp  movement  can  occur  as  a  result  of  traffic  act!'.;..  1 
Photograph  13  shows  a  displacement  of  approximately  37  in.  of  a  12-  by  § 
l6 -ft  XM19  ramp  after  h22  passes  of  a  2-l/2-ton  cargo  truck.  The  small  % 
ground  contact  area  of  the  ramp,  its  smooth  bottom  surface,  and  braking 
acceleration  of  the  test  vehicle  caused  the  movement.  This  also  occurr-. .  ^ 
in  conjunction  with  pierced  mat,  though  the  movement  was  not  as  proncur.:- 
Mat  movement  did  not  affect  the  performance  of  the  mat  or  the  erosion  ? 

h 

tern;  therefore,  anchorage  is  only  necessary  for  the  purpose  of  proven*. ; I 
excessive  movement  of  the  ramp  from  its  original  location.  In  an  effort 
prevent  this  movement,  two  basic  types  of  anchors  were  used.  The  auger- 
type  anchor  (photograph  it),  which  was  available  in  lengths  up  to  3  ft, 
not  satisfactory  when  used  in  the  unstable  beach.  The  toe  anchors  were  . 
mediately  overridden  by  the  ramp  when  testing  began,  while  the  side  ccs- 

nectors  for  the  side  anchors  became  disengaged  as  the  mat  moved.  Esc*.:-  • 

% 

graph  15  shows  a  disengaged  side  anchor.  When  this  photograph  was  taker..  - 
the  toe  anchors  had  disengaged  and  were  overridden  by  movement  of  the  r:- :  J 
The  test  facility  did  not  permit  conventional  installation  of  deadmen  | 

a 

the  backshcre  as  anchors.  Instead,  cables  were  used  to  anchor  the  rar.:  *  | 

the  beach  retaining  wall  as  a  simulation  of  deaaman  anchoring.  Phetcgr  i 

-  .  * 
16  shows  the  simulated  deadman-type  anchor  which  completely  prevented  ^ 

ment  of  the  ramp.  Test  results  indicated  that  when  anchorage  is  ncce-v-  $ 

deadmen  and  cables  should  be  used  in  preference  to  driven  pins  or  aug-.  r-  | 

type  anchors.  i 

Use  of  membrane  underlay  for  the  ramp  | 

16.  Due  to  the  rapid  erosion  of  the  sand  subgradc  under  an  CT::  “  -  ? 

an  attempt  was  made  to  stabilize  the  sand  by  covering  the  ramp  area  a:..  j 

adjacent  areas  with  a  protective  membrane.  Tl6  membrane  was  used  bcc  | 

> 

of  its  resemblance  to  membranes  now  in  use  in  the  TO.  The  mesbrar.c  -• .  j 
stalled  ~>rior  to  placing  the  >2<119  mat  and  was  secured  by  placing  brer.-.*  j 
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anchors  at  2-ft  intervals.  The  membrane  was  placed  so  as  to  protrude  6  ft 
from  the  mau  on  all  sides  (photograph  17) •  As  seen  in  photograph  l8,, ero¬ 
sion  continued  under  the  membrane.  (The  parallel  wrinkles  in  the  membrane 
are  a  result  of  some  displacement  of  the  ramp  before  the  anchor  cables  be¬ 
came  tight . )  After  this  photograph  was  made,  the  anchors  along  the  toe  of 
the  membrane  were  pulled  out  by  wave  action.  The  end  of  the  membrane  was 
then  buried  in  a  ”V"  ditch  in  an  attempt  to  obtain  better  end  anchorage. 

For  photograph  19,  the  mat  was  removed  to  show  the  depression  in  the  center 
of  the  membrane  area  caused  by  erosion.  The  tear  in  the  membrane  was 
caused  by  traffic  action.  A  sand  buildup  can  be  seen  under  the  toe  of  the 
membrane.  This  sand  came  from  the  crodea  parts  of  the  beach  shown  in 
photograph  18.  As  a  result  of  this  test,  it  was  concluded  that  membrane 
would  reduce  beach  erosion  only  when  extended  larger  distances  from  the 
edges  of  the  romp  (12  ft).  As  a  result  of  damages  sustained  by  the  under¬ 
lay,  it  was  concluded  that  only  the  moot  durable  materials  available  should 
be  used  and  that  the  toe  should  be  buried  rather  than  pinned  when  possible. 
Therefore,  heavy-duty,  well -anchored  membrane  extended  at  least  12  ft  on 
all  sides  of  a  ramp  will  assist  in  reducing  erosion  to  a  small  degree. 
Traffic  loading 

1?.  Tests  indicated  that  the  OTB  ramp  deteriorated  in  proportion  to 
the  number  and  weight  of  cargo  vehicles  that  passed  over  the  ramp.  The  M6 
mat  sustained  no  damage  after  900  passes  of  a  lA-ton  truck,  as  shown  in 
photograph  20,  but  was  distorted  after  lU00  passes  of  a  2-l/2-ton  truck 
(photograph  7).  It  was  determined  that  pierced  mats  would  be  unsatisfac¬ 
tory  for  OTB  ramp  construction  due  to  their  inability  to  withstand  loads 
imposed  by  2-l/2-ton  and  larger  vehicles  when  these  vehicles  were  loaded  to 
maximum  capacity.  The  2-l/2-ton  truck  did  not  cause  any  direct  damage  to 
the  XK19  mat,  but  the  ramp  was  depressed  into  scoured  areas  and  buried  by 
eroded  sand  (photograph  l6) .  Though  facilities  were  not  adequate  for  test¬ 
ing  this  ramp  with  a  heavier  vehicle,  it  i3  probable  that  heavier  vehicles 
would  further  aggravate  this  situation  and,  in  addition,  cause  mat  failure 
in  locations  where  the  mat  bridged  eroded  areas.  In  anticipation  of  all 
traffic  loadings,  those  tests  indicated  that  only  the  mo3t  durable  mats 
available  should  he  used  as  expedient  surfacing  materials  for  OTB  romps » 
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Duration  of  wave  and  traffic  action 

18.  Test  run  4  was  conducted  for  the  purpose  of  studying  the  e. 
of  wave  duration  on  an  OTB  ramp.  Photograph  21  shows  the  beach  and  r; 
prior  to  testing.  Photograph  22  shows  that  after  3  hours  of  wave  act! 
the  beach  was  nearly  as  severely  eroded  as  in  photograph  23  which  was 
after  15  hours  of  wave  action.  Serious  erosion  has  taken  place  under 
ramp  in  photograph  23-  This  test  indicated  that  detrimental  effects  o 
waves  decreased  as  a  function  of  time  and  that  the  first  1  to  6  hours 
waves  usually  caused  severe -damage.  The  duration  of  traffic  action  in 
junction  with  the  wave  action  caused  additional  damage  to  the  ramp,  a 
pari son  of  photographs  8  and  12  shows  additional  depression  of  the  mat 
subsequent  burial  by  sand  in  an  interval  from  l400.to  3500  passes  of  a 
2-l/2-ton  truck.  These  tests  lea  to  the  conclusion  that  OTB  ramps  will 
teriorate  under  continuous  action  of  waves  and  traffic  to  a  point  of 
ineffectiveness. 

Phase  II  Tests 
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19.  Phase  II  was  conducted  for  the  purposes  of  studying  (a)  the 
fects  of  vehicle  traffic  on  a  bare  beach,  and  (b)  the  effects  of  baffle 
systems  on  the  ramps.  The  effect  of  traffic  on  a  bare  beach  has  been  d 
cussed  in  previous  paragraphs  and  will  not  be  repeated  here.  Baffle  sy; 
terns  were  studied  by  installing  baffles  made  of  steel  weights  in  variou: 
positions  around  an  M  6  ramp  and  subjecting  the  beach  to  wave  action.  Tx 
steel  weights  were  used  to  simulate  materials  available  in  the  TO  that 
could  be  vised  as  baffling.  In  conjunction  with  this  test,  model  barges 
were  placed  in  the  water  in  front  of  the  ramp  to  simulate  seagoing  cargx 
craft  and  to  assist  in  creating  more  realistic  conditions  under  which  tc 
study  effects  of  the  baffles. 
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Baffle  Systems 

20.  The  three  basic  configurations  investigated  for  the  baffles  *«• 
identified  by  their  orientation  as  related  to  the  center  line  of  the  ram;. 
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90  deg,  45  deg,  and  parallel,  Photograph  24  shows  the  location  of  90-  and 
45 -do^  baffles  with  respect  to  the  romp  with  the  model  barge  shown  in  the 
foreground.  Photograph  25  shows  parallel  45-deg  baffles.  In  this  photo¬ 
graph  the  model  barge  has  been  sunk  in  order  to  provide  more  stability. 

21.  Tests  indicated  that  a  90-dog  baffle  would  probably  be  unsuc¬ 
cessful  due  to  the  high  amount  of  energy  it  must  absorb  from  each  wave.  A 
more  deliberate  construction  effort  would  be  required  for  this  type  of  baf¬ 
fle  than  expedient  installation  would  justify.  Photograph  26  shows  effects 
caused  on  the  90-deg  baffle  position  after  1  hour  of  wave  action.  The  45- 
deg  baffle  absorbed  less  energy  and,  therefore,  appeared  to  maintain  its 
original  position  after  1  hour  of  wave  action.  However,  as  seen  in  photo¬ 
graph  27,  this  configuration  permitted  infiltration  of  water  and  subsequent 
erosion  under  the  ramp.  The  parallel  baffle  remained  unmoved  during  test¬ 
ing  but  allowed  infiltration  of  water  onto  the  r.amp,  which  caused  erosion 
under  the  ramp's  center.  In  addition,  serious  erosion  occurred  at  the  toe 
of  the  ramp  near  the  baffle  as  a  result  of  backrush  concentration  of  water 
between  the  baffle  and  model  barge.  Photograph  28  chows  the  parallel  baf¬ 
fle  and  ramp  after  3  hours  of  wave  action.  Fhotograph  29  shows  wave  ef¬ 
fects  on  the  Mo  ramp  with  barge  and  without  a  baffle  system.  It  can.be 
seen  that  the  baffles  prevented  little>  if  any,  erosion  under  the  Ko  ramp. 
Test  results  indicated  that  few  benefits  were  gained  from  the  use  of  baf- 

•7 

flee  in  conjunction  with  0TB  romps. 
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PART  IV:  SUMMARY  OF  RESULTS,  CONCLUSIONS,  AND  RECO.-5MBn)ATIO;.^  ' 

5 

Summary  of  Results  - 

22.  Results  of  these  tests  indicate  that  though  none  of  tin; 

ent  surfacing  materials  seem  adequate, '  33419  mat  underlain  with  a  mem:  r ■ 
was  more  satisfactory  than  any  other  materials.  Though  serious  crosier, 
took  place  under  the  30*119  rasps,  it  appeared  more  capable  of  carrying  . 
quired  loads  than  the  other  mat.  The  following  specific  results  were 
obtained. 

Landing  mats  and  membranes  and  beach 

23.  a.  3ML9  landing  mat  was  the  most  nearly  adequate  of  the  mas. 

~  tested. 

b.  M6  mat  was  not  satisfactory  for  OTB  ramp  construction. 

£.  The  Tl6  membrane  underlay  assisted  to  a  small  degree  in 
venting  erosion  under  the  rasp,  but  the  Tl6  soon  sustain-  . 
serious  damages. 

d.  The  bare  beach  and  the  bare,  submerged  sand  beyond  the 
water's  edge  carried  all  traffic  imposed  on  it. 

Anchors  and  baffles 

2k.  a.  The  auger -type  anchor  was  not  successful  in  anchoring  0 C:- 
ramps. 

b.  Deadman-type  anchors  adequately  anchored  the  ramp  when 
properly  installed. 

£.  The  parallel,  ^5 -deg,  and  90-deg  baffles  tested  did  net  ..  - 

"  preciably  prevent  erosion  of  the  OTB  ramp. 

d.  Of  the  three  baffle  configurations,  the  90-deg  caffle  . 
nearly  prevented  erosion  of  the  beach,  though  it  also  s..  - 
tained  more  damage  than  the  other  baffles. 

Conclusions 


2y.  Based  on  the  results  of  this  study,  the  following  ccr.elusic:. 
are  believed  adequate: 

a.  None  of  the  materials  or  combinations  satisfactorily  - 
~  liaed  the  beach  foreshore  or  provided  an  OTB  ramp  a ppre  ■ 
ably  better  than  the  natural,  bare  sand. 
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b«  Benefits  gained  by  installation  of  any  of  these  OTB  ramps 
were  short  term  due  to  the  rapid  deterioration  of  the  ramp 
foundation.  i 


Recommendations 


2 6.  In  view  of  findings  presented  in  this  report  and  as  a  conse¬ 
quence  of  other  research  and  correspondence},  it  io  recommended  that: 

a.  An  OTB  ramp  be  installed  by  using  existing  expedient  surfac¬ 
ing  materials  only  after  bare  beach  offloading  has  proven 
unsuccessful,  and  then  only  for  very  short-term  use. 

b.  Efforts  should  be  made  to  establish  the  need  for  a  design 
for  an  OTB  romp  at  a  level  between  the  bare  beaches  and  the 
hasty  use  of  available  materials  and  the  level  of  permanent 
piers  and  docks.  If  the  need  for  on  OTB  ramp  design  is 
verified,  new  concepts  of  expedient  ramp  construction — such 
as  portable  laminated  wood  decks,  armored  vehicle-launched 
bridges,  or  articulated  romps  made  of  concrete  or  Mj}T6  deck 
balk— should  be  investigated. 
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Photograph  9.  Phase  II,  test  2.  Condition  of  bare  beach  after  wave  action  and  traffic 
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Engineer  tests  were  conducted  cn  a  full-scale  r.odel  beach  in  a  wave  tank  of  the  V.'hf- 
hydraulics  Division.  The  b-ach  was  construct*'!:  cf  rand  approximating  that  foun  j  cr. 
beaches  ir.  the  CE  Asian  incut*  r  of  operatic:. 0  (TO).  Teach  slopes  rangt  d  fro.-.  1C  to 
20  p-rcer.t.  V.’av-.  s  induced  upon  tne  beach  simulav  :  t:.or-  fc’c'.i  in  TO  cove  ar.d  i  ay 
area.;.  The  Vet-  were  conduct •  d  by  installing  varicur  tyr-  s  cf  •: xpodi.  at  surfacing 
material.:  cue:,  as  Mo  pierced  steel  plank  2  and  is. ;  mat  and  XMI«  alur.ir.ur-.  landing  mat 
with  a:..:  •.‘its.out  anchcrc  and  with  and  without  Tic  mem:  r.u.e  tear  a  prepared  r.ar.d  . -.ach 
ar.d  subjecting  th'sc  inttaliaticnc  to  wave  action  and  vehicular  traffic.  The  separate 
romps,  w-'-re  tested  by  firr.t  observing  detrimental  effects  eaus- d  by  wav<  action  alcr.c 
and  then  by  a  combination  of  wave  action  ar.d  traffic  loading.  Tne  sc-  cam-'  factors 
were  ebs-  rved  ir.  d-te-rnining  d-trimcntal  effects  of  traffic  and  waves  on  a  bare  :  e ash. 
Standard  military  vehicles,  us*!  in  the  trafficking  cycles,  were  tne  2 Hy  1  l/l-tc r.  car.-c 
truck  ar.d  the  2-l/^~  bor.  C'/.C  cargo  truck.  Iscnc  of  ti.«  rat*  -dels,  or  com:  inatirr.s 
thereof  satisfactorily  stabilised  the  beach,  for* shore  cr  previ  ':  d  an  OTT-  ramp 


apprec iabiy  better  than  the  natural,  bare 
any  of  there  OTh  rar.ps  are  shert-terr.  due 
foundat  ion. 
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